Background: Cervical cancer was the most commonly diagnosed cancer and the leading cause of cancer related deaths in 2013 among women in Zambia. We determined factors associated with vaginal douching with any solution other than water and examined its role as a risk factor for abnormal cervical lesions among Zambian women. Methods: We conducted a retrospective cohort study using data from the Cervical Cancer Prevention Program in Zambia among 11,853 women (15 years or older) who had screened for cervical cancer from 6 provinces of Zambia. Stata version 15 was used to analyze the data. Investigator led stepwise logistic regression was used to estimate adjusted odds ratios and 95% confidence intervals for various characteristics, with vaginal douching with any solution as primary outcome and abnormal cervical lesions as secondary outcome. Results: Douching with any solution other than water was practiced by 8.1% (n = 960) of the study participants. Older women (35-44 and 45 years or older) vs young women (15-24 years old) were less likely to douche with a solution (AOR 0.74; 95% CI: 0.57-0.97, p = 0.027 and AOR 0.65; 95% CI: 0.49-0.87, P = 0.004), respectively, and so were women in informal employment compared to housewives (AOR 0.72; 95% CI: 0.58-0.89, p = 0.002). Odds of douching were higher among women with secondary vs. no formal education (AOR 1.64; 95% CI: 1.15-2.35, P = 0.007), and among women who used condoms sometimes compared to those who never with their regular sexual partners (AOR 1.19; 95% CI: 1.01-1.40, PP = 0.037). About 12.2% of study participants had abnormal cervical lesions. The use of either vinegar, ginger, lemon, salt or sugar solution was associated with increased risk of abnormal cervical lesions (AOR 7.37; 95% CI: 1.43-38.00, p = 0.017) compared to using water. Conclusion: We find an association between douching with a solution and a woman's age, educational attainment, occupation and condom use. Vaginal douching with either vinegar, ginger, lemon, salt or sugar solution was associated with increased risk for abnormal cervical lesions. We recommend further research on ever vs never douching and the risk for abnormal cervical lesions.
Background
Cancer is an emerging public health problem in Africa [1] . According to the GLOBOCAN 2018 estimates, the share of cancer deaths in Africa (7.3%) is higher than the share of incidence (5.8%) [2] . Cervical cancer ranks second in incidence and mortality behind breast cancer in lower human development index (HDI) settings, with Africa recording the highest regional incidence and mortality rates [2] . Zambia, Malawi, Mozambique, and Tanzania have among the highest cervical cancer rates (50 cases per 100,000) worldwide [3] . In Zambia, cervical cancer was the most commonly diagnosed cancer and the leading cause of cancer related deaths in 2013 among women [4] . The mortality rate from the disease could be attributed, in part, to the fact that most cases (about 80%) are advanced at presentation, when only palliative treatment can be given [5] .
The cause of cervical cancer has been postulated to be multifactorial including behavioral factors such as vaginal douching. Vaginal douching is the process of intravaginal cleansing with a liquid solution [6] . It is used for personal hygiene or aesthetic reasons, for preventing or treating an infection [7] , to cleanse after menstruation or sex, and to prevent pregnancy [8] . For example, alum, an astringent, was used for various purposes such as tightening of the vagina for enhancement of sexual pleasure, making the vagina 'younger', or to hide evidence of infidelity [9] . Another common practice is that associated with dry sex, where individuals prefer a dry, tight vagina during sexual intercourse [10] . Dry sex more often than not involves the use of plants to dry and contract the vagina, a popular practice in Africa that damages vaginal tissue and facilitates the spread of sexually transmitted diseases [11, 12] .
Very few studies have examined the association between vaginal douching and abnormal cervical lesions. Studies that have examined the association have conflicting views on the benefits or harm associated with douching [6] . Nevertheless, most studies have hypothesized that frequent douching alters the vaginal chemical environment, making the cervix more susceptible to pathologic change, and serious gynecologic outcomes, including increased risk of cervical cancer, pelvic inflammatory disease, endometritis, and increased risk for sexually transmitted infections, including HIV [13] [14] [15] [16] . We determined factors associated with douching with any solution other than water. We also examined the association between abnormal cervical lesions and douching with such solutions among Zambian women.
Methods

Study design and setting
A quantitative retrospective cohort study was conducted in order to determine factors associated with douching with any solution (as primary outcome) and to examine the association between using these solutions and risk for abnormal cervical lesions (being a secondary outcome). This study was conducted at the University Teaching Hospital's Centre for Infectious Disease Research in Zambia (CIDRZ) using programmatic data from the Cervical Cancer Prevention Program in Zambia (CCPPZ). Details on the CCPPZ are explained in our previous publication [17] . Briefly, the CCPPZ is a program that was launched in 2006 to increase access to cervical cancer screening in the quest to reduce the incidence and prevalence of the disease. Through this program, cervical cancer screening services are freely available at most of the public health facilities across the country. All women who are, and have been sexually active, can freely walk into any of the facilities offering screening services and get screened for cervical cancer. Cervical cancer screening is done using visual inspection with dilute (5%) acetic acid (VIA) linked to immediate cryotherapy (see and treat). Prior to screening, selfreported data (socio-demographics, sexual behaviour, and other medical related history) is captured electronically for each woman seeking screening services. VIA test results are also recorded for each woman screened.
Data extraction
A data extraction sheet was used to extract data for 11, 853 women aged 15 years or older who had ever screened for cervical cancer at various public health facilities in 6 provinces of Zambia. To be eligible to participate in this study, women needed to have had at least one sexual partner in their lifetime. Women whose records had incomplete information on HIV status, type of douche used and the VIA test results were excluded from the study. For HIV status, women who indicated that they did not know their HIV status were included in the study. However, women with missing data (neither positive, negative nor unknown) were excluded from the study. For the purpose of this study, douching with any solution was defined as any act involving the introduction of any solution other than water, into the vagina. A VIA positive result was indicative of an abnormal cervical lesion, where an abnormal cervical lesion was defined as an aceto-white lesion or whitish patch on the uterine cervix when 'painted' or 'stained' with 5% acetic-acid vinegar [18] .
Data analysis
For data analysis, vaginal douching with any solution other than water was the primary outcome while abnormal cervical lesion was the secondary outcome. The socio-demographic and sexual behavior characteristics were the predictor variables. The data that was extracted from the CCPPZ database was entered in excel and exported to Stata version 15 where both descriptive and analytical methods of data analysis were used. Descriptive statistics were used to obtain numbers and proportions of women by their socio-demographic characteristics. The chi-square test of association was used to determine associations between douching with any solution and the various socio-demographic and sexual behavioral characteristics of participants. We used logistic regression analysis to determine the predictors of douching with any solution. Secondary analysis was also conducted to identify types of douches that were risk factors for abnormal cervical lesions. We used a significance level of 10% for independent variables to be entered in the multivariable analysis and the overall significance level in the adjusted model was taken to be the traditional 5%. AORs, p-values and the associated 95% confidence intervals (CIs) were estimated and used as measures of effect.
Ethics
We obtained ethical approval to conduct this study from the Research Ethics and Science Converge committee (ERES) in Zambia. Permission to use the CCPPZ data was obtained from the Director-CIDRZ. This being programmatic data, no consent was obtained from study participants, however, we ensured that all identifiers were removed from the dataset to guarantee anonymity of study participants.
Results
Social demographic characteristics
This study was conducted among 11,853 women who had ever screened for cervical cancer from various health facilities in six provinces of Zambia between 2006 and 2014. The prevalence of douching with a solution other than water was 8.1% (n = 960). The rest of the women (91.9%) douched with water. Table 1 shows the association between douching and women's sociodemographic and sexual behavioral characteristics. Douching with any solution was associated with age (p = 0.009), educational attainment (p = 0.004), occupation (p = 0.001), number of life time sexual partners (p = 0.005) and condom use with regular sexual partner (p < 0.001). Among women who douched with any solution, the largest proportion were aged between 25 and 34 years (35.7%), had 2-5 sexual partners (66%) and had attained secondary education (41.1%). About 45% were housewives and slightly more than half of them (51.2%) never used condoms with their regular sexual partner(s). Table 2 presents results from both univariate and multivariable logistic regression analysis. Results from the univariate logistic regression analysis show that: age, education, occupation, number of life time sexual partners, condom use and HIV status were statistically associated with douching with a solution. Multivariable logistic regression analysis was used to get adjusted estimates for douching with any solution given the various independent variables. Women aged 35-44 years as well as those aged above 44 years were less likely to douche with any solution compared to those aged 15-24 years (AOR = 0.74; 95% CI: 0.57-0.97, p = 0.027 and AOR = 0.65; 95% CI: 0.49-0.87, p = 0.004), respectively. Women with secondary education were 1.6 times as likely to douche with any solution compared to women with no formal education (AOR = 1.64; 95%CI: 1.15-2.35, p = 0.007). Being in informal employment was found to reduce the odds of douching with any solution compared to being a house wife (AOR = 0.72; 95% CI: 0.58-0.89, p = 0.002). Odds of douching with any solution were higher among women who reported using condoms sometimes compared to their counterparts who never used condoms, although the association was weak (AOR = 1.19; 95% CI: 1.01-1.40, p = 0.037). Table 3 presents findings of the association between abnormal cervical lesions and type of solution used for douching. Independent variables included age, condom use, occupation, number of sexual partners and HIV status. The prevalence of abnormal cervical lesions among women who douched with either water or any solution was 12.2% (n = 1447). Among women who douched with water, 12.4% had abnormal cervical lesions compared to 42.9% among those who douched with either vinegar, lemon, ginger, sugar or salt. About 10.3, 9.9 and 13.3% of women who douched with feminine wash, soap and African herbs/medicine, respectively had abnormal cervical lesions. Results from the univariate logistic regression analysis show that women who douched with solutions of either vinegar, lemon, ginger, sugar or salt were 5 times as likely to have abnormal cervical lesions compared to women who douched with water (UOR = 5.31; 95% CI: 1.19-23.75, p = 0.029). Douching with soap was protective against abnormal cervical lesions (UOR = 0.78; 95% CI: 0.62-0.99, p = 0.039). After adjusting for other independent variables, douching with either vinegar, lemon, ginger, salt or sugar was still statistically associated with abnormal cervical lesions while douching with soap was not. The risk of abnormal cervical lesions increased seven-fold in women who douched with either vinegar, lemon, ginger, salt or sugar compared to those who douched with water (AOR = 7.37; 95% CI: 1.43-38.00, p = 0.017).
Discussion
The current study found that vaginal douching with any solution other than water increased the risk of abnormal cervical lesions, as women who used either vinegar/ lemon/ginger/salt or sugar exhibited elevated risk. Our findings are consistent with those from similar studies, albeit the other studies looked at douching in general. In a survey conducted in the United States, authors posited that douching had the potential to increase the risk of cervical cancer as the former was high-risk for HPV infection. There was a 40% higher risk of a high-risk infection in women who douched [13] . In Taiwan, postcoital vaginal douching was a risk factor for the nonregression of low-grade squamous intraepithelial lesions (LSIL) (OR = 3.14; 95% CI: 1.04-9.49) [19] . In a review of evidence to discourage douching, Cottrell [14] cites increased risk of cervical cancer as one of the serious outcomes associated with douching. A study conducted among patients with cancer of the cervix in Buffalo and Kenmore, New York, revealed a direct association between the frequency of douching and the risk of both invasive cervical cancer and carcinoma in situ [20] . Peters et al. [21] found that the "frequency-years" of douching contributed independently and significantly to the risk of invasive cervical cancer among Latinas and non-Latinas in Los Angeles County. In a meta-analysis, Zhang et al. [15] found that douching was modestly associated with cervical cancer, when they aggregated studies that looked at both invasive cervical cancer and carcinoma in situ together or at invasive cervical cancer alone (RR = 1.25, 95% CI: 0.99, 1.59). However, other studies found inconsistent results with respect to vaginal douching and cervical cancer [22] [23] [24] .
An important finding of this study is that specific douches predispose women to the risk of abnormal cervical lesions. Our study found elevated risks of abnormal cervical lesions among women who used either vinegar, lemon, ginger, salt or sugar solutions for vaginal douching. Other douches had a protective effect albeit there was not enough statistical evidence to support the observed associations. Seay [25] also found an association between risk for HPV infection and specific douches. A similar observation was made by Martino et al. [6] who argued that whether or not douching had adverse effects was probably dependent on the type of solution used.
Evidence showing that certain douches may interfere with the conditions suitable for the survival of lactobacilli strains and thereby compromising the epithelial cell integrity [26] could explain the increased risk for abnormal cervical lesions in our study.
The major limitation of our study is that the programmatic data that we used for investigating vaginal douching did not collect information on the frequency of douching per week or on the frequency years of engaging in the practice. As noted from some studies discussed in this paper, the risk of cervical lesions varied by the frequency and years of douching. However, we posit that the elevated risk among women who used vinegar/ginger, lemon/sugar or salt provides substantial evidence to discourage douching with these solutions among Zambian women.
Conclusion
We find elevated risk of abnormal cervical lesions among women who use certain douches. We argue, therefore, that certain douches could potentially put women at higher risk of abnormal cervical lesions relative to water. Health promotion messaging should therefore describe the possible health risks of vaginal douching with certain solutions such as vinegar, ginger, lemon, sugar and salt. These messages should be targeted, especially at younger women, house-wives, women with secondary education and women who use condoms sometimes, in whom the practice of vaginal douching with solutions other than water is higher. There is need for further research to examine the risk of abnormal cervical lesions among women who have ever vs never douched. Future research should also take into consideration the effect of frequency as well as years of douching on risk of abnormal cervical lesions. 
